
 
 

Approved for public release; further dissemination unlimited 

Lawrence
Livermore
National
Laboratory

U.S. Department of Energy

 

Preprint 
UCRL-JC-152198 

Development of a Compact Angle 

Resolving Spin Polarized Photoemission 

Spectrometer for “Double Polarization”  

X-Ray Photoelectron Diffraction 

Spectroscopy of Magnetic Nanostructures 

S.A. Morton, J.G. Tobin, G.D. Waddill 

This article was submitted to  
Synchrotron Radiation Instrumentation 
San Francisco, CA 
August 25-29, 2003 

March 10, 2003 
 

 
 

 



 
 
 

DISCLAIMER 
 
This document was prepared as an account of work sponsored by an agency of the United States 
Government.  Neither the United States Government nor the University of California nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States 
Government or the University of California.  The views and opinions of authors expressed herein do not 
necessarily state or reflect those of the United States Government or the University of California, and 
shall not be used for advertising or product endorsement purposes. 
 
This is a preprint of a paper intended for publication in a journal or proceedings. Since changes may be 
made before publication, this preprint is made available with the understanding that it will not be cited 
or reproduced without the permission of the author. 
 
 

This report has been reproduced directly from the best available copy. 
 

Available electronically at http://www.doc.gov/bridge 
 

Available for a processing fee to U.S. Department of Energy 
And its contractors in paper from 

U.S. Department of Energy 
Office of Scientific and Technical Information 

P.O. Box 62 
Oak Ridge, TN 37831-0062 
Telephone:  (865) 576-8401 
Facsimile:  (865) 576-5728 

E-mail: reports@adonis.osti.gov 
 

Available for the sale to the public from 
U.S. Department of Commerce 

National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 

Telephone:  (800) 553-6847 
Facsimile:  (703) 605-6900 

E-mail: orders@ntis.fedworld.gov 
Online ordering: http://www.ntis.gov/ordering.htm 

 
 

OR 
 

Lawrence Livermore National Laboratory 
Technical Information Department’s Digital Library 

http://www.llnl.gov/tid/Library.html 
 

 

 

http://www.doc.gov/bridge
mailto:reports@adonis.osti.gov
mailto:orders@ntis.fedworld.gov
http://www.ntis.gov/ordering.htm


Development of a Compact Angle Resolving Spin Polarized Photoemission
Spectrometer for “Double Polarization” X-Ray Photoelectron Diffraction

Spectroscopy of Magnetic Nanostructures.

S.A. Morton1, J.G. Tobin1, G.D. Waddill2

Lawrence Livermore National Laboratory, 7000 East Ave., Livermore, CA 94550-9234
Department of Physics, University of Missouri-Rolla, Rolla, 1870 Miner Circle • Rolla, Missouri 65409-1060

X-ray Photoelectron Diffraction (XPD) is a well established technique for probing element and
site specific surface structure of epitaxial thin films and nanostructures. Furthermore, recent
studies have demonstrated that excitation of the photoelectrons via circularly polarized photons
results in additional sensitivity to the element and site specific local magnetic order via the
dipole selection rules1. However the asymmetries involved in such experiments are very low,
typically 1-2%. Calculations suggest that combining excitation via circularly polarized photons
with spin polarized photoelectron detection into a complete “double polarization” experiment
should lead to a 5-10 fold increase in asymmetry2. However combining high angular resolution
XPD with spin resolving capability poses significant experimental challenges.

A new compact angle resolving spin spectrometer for conducting such double polarization
experiments has recently been developed at the Advanced Light Source by the authors. This
spectrometer combines a large (11 inch) diameter fixed hemispherical analyzer with a novel
rotatable input lens system allowing data with +-1 degree angular resolution to be acquired for
any combination of incident and emission angles, including normal incidence / normal emission
(figure 1). The analyzer is equipped with both multichannel detection for high resolution
(50meV) spin integrated spectroscopies, such as XPS and magnetic linear or circular dichroism,
and a Mott detector capable of resolving the photoelectron spin polarization simultaneously
along the two perpendicular axes of the rotational plane. Rapid switching between spin
integrated and spin resolved modes is achieved by focusing the photoelectrons through a small
hole in the detector of the hemispherical analyzer and into a compact mini-Mott detector situated
immediately behind the channelplates.
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Figure 1.

Schematic of the analyzer and lens assembly.

A. Rotating entrance lens assembly
B. Transfer lenses
C. Fixed Large diameter hemispherical

analyzer
D. Transfer lenses
E. Fixed spin resolving Mott detector



This combination of fixed hemispherical analyser and in-situ rotating lens assembly results in a
number of key advantages over possible alternative spectrometer designs. Whilst the input lens
assembly is able to collect photoelectrons from any emission angle the measurement axes of the
Mott detector remain fixed along, and perpendicular to, the beam axis. This considerably
simplifies the analytical interpretation of angular spin polarization data. Furthermore the
complete elimination of the large differentially pumped rotary feedthroughs that are normally
required for such large diameter rotating analyzer systems results in a much more compact
spectrometer design. Indeed, the positioning of the analyzer beneath the chamber results in a
spectrometer footprint that is smaller than most conventional XPS systems (figure 2). In
addition, the small, in-situ lens assembly causes minimal obstruction of the area around the
sample without compromising the overall resolution; as would be the case with a conventional
small, ARPES style, in-situ rotating hemispherical analyzer. The addition of a small hole through
the first bending element also allows for normal incidence / normal emission experiments to be
conducted; a high symmetry geometry that is important for verification of certain theoretical
models.

Commissioning of this spectrometer is now almost complete and analyzer performance has been
successfully verified across all important operational modes including spin integrated XPS, UPS
(figure 3a), photon energy dependent UPS, ARPES, spin resolved photoemission and double
polarization photoemission (figure 3b) using a wide variety of magnetic and non-magnetic
materials. Furthermore, in addition to the described analyzer, the spectrometer system also
provides a wide range of complementary sample preparation and analytical tools including in-
situ MBE growth facilities, LEED IV-Auger and dual anode X-ray excitation source for
complete characterization of in-situ and ex-situ prepared magnetic nano-structures.

Figure 2.

Schematic of the analyzer system mounted beneath
the analysis chamber. The resulting instrumental
footprint is smaller than most conventional XPS
systems.
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Figure 3.

Sample spectra from the new analyzer taken in two different data acquisition modes

(a) Valence band UPS spectrum of 12ML Fe40Ni60 epitaxial thin film on Cu(100)
(b) “Double Polarization” spectrum of Au(111) 4f peak.

Note that the combination of circularly polarized excitation with spin polarized
detection can be used to produce spin polarized data from  non-magnetic samples.
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